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ABSTRACT 
Seve ra l  very c l e a r  photographs of t h e  e a r t h ' s  
n i g h t  a i rg low horizon over  western Texas were obta ined  
a t  a l t i t u d e s  up t o  184 kin from ail Aerobee rocke t  I 
launched a t  0615 UT, 1 December 1964 from White Sands 
N i s s i l e  Range, New Mexico. The v e r t i c a l  d i s t r i b u t i o n  
i of  the airglow has been determined, showing t h e  
a l t i t u d e  of peak nightglow emission a s  95  2 4 km w i t h  
90% of t h e  emission between 80 and 116 km. The 
s t r i k i n g  v i s u a l  appearance of t h e  a i rg low l a y e r  and 
s u r f a c e  l i g h t s  and t h e  a l t i t u d e  de te rmina t ion  a r e  
compared wi th  the  observa t ions  reported by var ious  
r /  
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Each of America's a s t ronau t s  W e  commented on t h e  
s t r i k i n g  appearance of t h e  e a r t h Z s  n igh t  a i rglow when 
viewed edge-on a t  the horizon from an o r b i t i n g  spacec ra f t .  
Astronauts  Glenn and Carpenter have repor ted  t h e i r  observa t ions  
i n  t h e  l i t e r a t u r e  (1,2). Photographs of t h e  nightglow were 
made by a s t ronau t  Cooper on the  HA-9 f l i g h t  and repor ted  
5y  G i l l e t t ,  Huch, Ney, and Cooper (3). Rela t ive ly  long 
exposures were made, however, during which time t h e  
s p a c e c r a f t ' s  a t t i t u d e  was not held f i x e d  on t h e  horizon 
wi th  a r e s u l t i n g  smear of t h e  image. A review of t h e  
Jiercury program's s c i e n t i f i c  r e s u l t s  has  been made by 
O'Keefe, e t  a l .  (4). --
Long before  t h e  space age airglow observa t ions  were 
made with ground based v i s u a l  and p h o t o e l e c t r i c  photometers 
a3d by occas iona l  photographs. An i n t e r e s t i n g  set  of 
pho tograpk  of t h e  l i g h t  of t h e  n ight  sky have been c o l l e c t e d  
made wi th  r e l a t i v e l y  f a s t  cameras and exposures of an hour 
o r  more. The photograp@ i n c l u d e  t h e  con t r ibu t ion  from 
zod iaca l  l i g h t  and i n t e g r a t e d  s t a r l i g h t  which c o n t r i b u t e ,  
according t o  Roach (6) and o the r s ,  about 2/3 of the l i g h t  
of the  n igh t  sky. I n  t h e  e a r l y  1960's Ney and h i s  
co l leagues  a t  t h e  Universi ty  of Minnesota began t o  use 
by Xudaux and De Vaucouleurs (5). These photographs w e r e  c 0 
- 
unmanned ba l loons  t o  photograph d i m  l i g h t  phenomena i n  
t h e  n ight  sky (7). 
obtained from NASA Aerobee 4.83, launched l a s t  November 
t o  record  u l t r a v i o l e t  nightglow spec t r a .  
t h e  f a s t  a i rglow spectrograph the  rocke t  c a r r i e d  an 
e l e c t r i c a l l y  opera ted  Nikon 35 mm camera with an f/1.4 
50 mm l e n s  us ing  Tri-X pan f i lm  f o r  recording aspec t  data .  
An i n t e r e s t i n g  s e t  of nightglow photographs were 
I n  a d d i t i o n  t o  
c* 
mL.- A A A G  - F i l m  AAA.u ".ne uk ,4r,* .a l I \n?aA .r-vyu is Xedak 2-19 for C; minutes: The 
rocke t  a t t i t u d e  was c o n t r o l l e d  t o  keep t h e  airglow horizon 
centered  i n  t h e  spectrograph slit dur ing  t h e  course of 
t h e  f l i g h t .  The launching took place some f i v e  hours 
-..- 
befo re  moon r i se .  Camera exposure t i m e s  from 1/3 t o  30 sec. 
were used, however, t h e  1/3 sec. exposures w e r e  too  s h o r t  
t o  record  more more than  a f a i n t  t r a c e  of t h e  a i rg low l aye r .  
The next longer  exposure t i m e  o f  3 sec, produced t h e  
best r e s u l t s  : w i t h  longer exposure times showing excessive 
smearing caused by sma l l  rocket  motions wi th in  t h e  A t t i t u d e  
Cont ro l  system e r r o r  l i m i t s .  
or 114 mi.) showing the  t h i n  airglow emission hor izon  
wel l  above t h e  e a r t h ' s  phys ica l  horizon. The s u r f a c e  
l i g h t s  s e e n  i n  t h e  West Texas reg ion  s t a n d  ou t  c l e a r l y .  
Figure 2 is a map of t h e  same reg ion  i d e n t i f y i n g  some of 
the b r i g h t e r  l i g h t s .  Fig. 3 is a 10 sec. exposure taken  
a t  183 km wi th  cons iderably  more rocke t  motion ev iden t  
and w i t h  an extremely dense airglow band. The mul t i t ude  
of l i g h t s  t o  be seen  i n  even the  s p a r s e l y  populated 
Tes t  Texas reg ion  gives a h i n t  of what a s p e c t a c u l a r  s i g h t  
could be seen  over  more densely populated reg ions .  The 
s t a r  t r a i l s  re f lec t  the  .rocket guidance maneuvers, Figure 4 
is a 3 sec. exposure taken a t  93 k m  a s  t h e  rocke t  was on 
its way down. During t h i s  exposure the  rocke t  a t t i t u d e  
remained s t a t i o n a r y  w i t h  respec t  t o  the  s t a r  background 
bu t  t h e  rocke t  moved a d i s t ance  of 4 km v e r t i c a l l y .  The 
r e s u l t i n g  smearing of t h e  s u r f a c e  l i g h t s  a r e  i n  s h a r p  
c o n t r a s t  t o  t h e  mul t i t ude  of point s t a r  images. Th i s  
Fig. 1 is a 3 sec. exposure taken a t  apogee (184 km 
0 
a l t i t u d e  is r i g h t  i n  t h e  middle of t h e  a i rg low l a y e r ,  
I t  is of i n t e r e s t  t o  compare Fig.  1 wi th  t h e  v i s u a l  
obse rva t ions  of the Mercury and Gemini a s t ronau t s .  M. S. 
Carpenter  I n  h i s  three o r b i t  Mercury f l i g h t  (MA-7) of 
24 May 1962 descr ibed  t h e  edge-on n igh t  glow and s t a r  
c- I 
f i e l d  scene i n  a manner s i m i l a r  t o  t h a t  shown i n  t h e  photo- I 
graph (8). The s t a r  f i e l d s  i n  t h e  photograph a r e  f a r  r i c h e r  
t han  he o r  t h e  o t h e r  a s t ronau t s  have i n d i c a t e d ,  however, 
even though the c o n s t e l l a t i o n s  Hydra and Sextans which 
make up t h e  background of t h e  photographs shown he re  a r e  
= . .  
not p a r t i c u l a r l y  r i c h  regions of t h e  sky. 
I s  simply t h e  r e s u l t  of a comparison between a camera 
wi th  a 36 mm diameter l e n s  and a 3 sec exposure and t h e  
dark adapted eye  w i t h  approximately a 9 m ap-- ture  an6 
0.2 sec .  i n t e g r a t i o n  t i m e .  The photographs give the  
s u b j e c t i v e  impression t h a t  t h e  nightglow l a y e r  and s u r f a c e  
l i g h t s  a r e  r e l a t i v e l y  b r igh t .  
a s t r o n a u t s ,  however, we can i n f e r  t h a t  t he  v i s u a l  b r igh tness  
of t h e  ai rglow is r e l a t i v e l y  low (1,2,8). The dark adapted 
eye is equiva len t  t o  about an f/2.5 l e n s  which is only 
about 1/3 t h e  speed of t h e  f/1.4 camera lens .  Furthermore, 
t h e  a s t r o n a u t s ,  during most of t h e i r  observa t ions ,  w e r e  not  
i n  a completely dark adapted condi t ion.  In add i t ion ,  t h e  
eye is responsive t o  an e f f e c t i v e  bandwidth which is 
only about 40% t h e  bandwidth of t he  camera. 
The e x c e l l e n t  s e t  of co lo r  photographs taken wi th  
an f / l  camera by G. Cooper (3) on t h e  MA-9 f l i g h t  show 
a g r e a t  d e a l  less d e t a i l  and much f a i n t e r  images than 
does Fig. 1. P a r t  of t h i s  can be a t t r i b u t e d  t o  t h e  
srnearing caused by veh ic l e  motion,  p a r t  t o  t h e  co lo r  f i b  
r e c i p r o c i t y  losses d u r i n g  t h e  10 ,  30, and 120 sec exposures, 
This  d i f f e rence  
From t h e  remarks of t h e  
t 
-_ 
p a r t  t o  the inhe ren t ly  lower s e n s i t i v i t y  of c o l o r  f i l m s ,  
and p a r t  t o  t he  f a c t  t h a t  t he  co lor  p i c t u r e s  were taken 
through t h e  t h i c k ,  multi- layered s p a c e c r a f t  window which 
could c o n t r i b u t e  t o  a loss of c o n t r a s t  a s  w e l l  a s  give 
t h e  p o s s i b i l i t y  of absorpt ion lo s ses  by depos i t s  on t h e  
out  e r window . 
Our r e s u l t s  and those  i n  (3) i n d i c a t e  t h a t  a cons iderable  
number of n ight  s k y  phenomena could be photographed from 
a manned s p a c e c r a f t  wi th  r e l a t i v e l y  s h o r t  exposures. Table 
1 lists some of t hese  exposure t i m e s ,  based on a 2 sec. 
exposure being s u i t a b l e  f o r  t h e  horizon airglow. 
' In add i t ion  t o  its p i c t o r i a l  va lue  Fig. 1. can y i e l d  
SOKiE: geop:iy-sical data. ti d e i i ~ f t ~ i u e t e ~ =  t r a c e  OP tile airglow 
l a y e r  provides a r e l a t i v e  i n t e n s i t y  p r o f i l e  of t h e  horizon 
as shown i n  Fig. 5. The z e n i t h  angle was determined q u i t e  
accu ra t e ly  by f i n d i n g  t h e  z e n i t h  d i s t ance  of t h e  s t a r  1 Hydra 
0 
. .  
... 
. ,  
TABLE 1 
Photographic Exposure Times f o r  D i m  Light Night Sky Phenomena 
(fl1.4 l e n s ?  r e c i p r o c i t y  e f f e c t s  neglected) 
Approximate Approximate 
(ki lo - ray le  ighs)  (seconds) Phenomenon - Emission Rate Exposure T imes  
0.7 100 ;,lilkway (average) 
Gegenschein 
Xcrora IBC-I 
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which l i e s ' i n  approximately the  c e n t e r  of t h e  luminous band 
i n  Fig.  1. The e a r t h ' s  l i m b  is  a t  a z e n i t h  angle  of 103.6: 
-41~0 shown on t h e  f i g u r e  a r e  t h e  a l t i t u d e s  a t  which a 
l i n e  of s i g h t  from t h e  r o c k e t ,  a t  t h e  r e s p e c t i v e  z e n i t h  
ang le ,  is tangent  t o  a s u r f a c e  concen t r i c  t o  t h e  e a r t h  (i.e. 
t h e  c l o s e s t  po in t  of approach). 
has been determined from t h e  information i n  Fig. 5 by 
a s s u i n g  t h a t  t h e  airglow a r i s e s  from a reg ion  between 
70 and 122 kii and t h a t  none of i t  is absorbed. If t h i s  
a l t i t u d e  reg ion  is then  divided i n t o  26 l a y e r s  of 2 km 
each t h e r e  Is a unique se t  of r e l a t i v e  emission i n t e n s i t i e s  
pe r  k m  which can be ass igned  t o  t h e  26 l a y e r s  to produce 
t h e  p r o f i l e  i n  Fig. 5. The r e s u l t  of t h i s  c a l c u l a t i o n  (9) 
is shown i n  Fig. 6 .  
The v e r t i c a l  d i s t r i b u t i o n  of t h e  nightglow emission 
The v e r t i c a l  d i s t r i b u t i o n  of t h e  nightglow given i n  
F ig  6 is, of course ,  smeared by t he  amount of rocke t  
motion seen i n  Fig. 1. T h i s  smearing amounts t o  0.22 
degrees  i n  t h e  d i r e c t i o n  normal to t h e  a i rglow horizon,  
and corresponds t o ' a n  unce r t a in ty  of 4 km i r ,  the  a l t i t u d e  
of pezk emission i n t e n s i t y .  The b r i g h t e s t  s e c t i o n  of t h e  
horizon p r o f i l e ,  2 t  a z e n i t h  angle of 100 degrees i n  Fig. 5, 
deduced peak is a t  95 km i n  Fig. 6. From t h e  v e r t i c a l  
d i s t r i b u t i o n  it can be s e e n  t h a t  t h e  l a y e r  t h i ckness  
between p o i n t s  of h a l f  i n t e n s i t y  was 26 * 4 km. The 
r a t i o  of t h e  horizon i n t e n s i t y  t o  t h e  i n t e n s i t y  observed 
looking s t r a i g h t  down can be determined from t h e  da t a  
used t o  make up Figs.  5 and 6. This  r a t i o  of edge-on/ 
z e n i t h  i n t e n s i t y  is 36, which agrees  wi th  t h e  va lue  of 35 
usea i n  (3) but is less  than  t h a t  used by Stecher  (10) 
is apparent ly  more spread  o u t  wi th  a l t i t u d e  than  t h e  l i n e  
emissions,  and t h e  photographic smearing tends  f u r t h e r  t o  
. corresponds t o  a tangent  a l t i t u d e  of S5 km, whereas t h e  
sor the u i i r a ~ ~ s l e t  ~ e g ~ ~ ~ .  Wh- -e-+< m - t t a r n  r n ~ n - r r A o A  h p r p  
bV1I"IA.U. . . . .  *------- ---- 
0 
. *  
. .  
reduce t h e  apparent  edge-on br ightcess .  
agreement wi th  t h e  va lues  determined from rocke t  measure- 
m e n t s  (10, 11, 12) and t h e  r e s u l t s  der ived  from Carpenter ' s  
v i s u a l  obse rva t ions  (2). 
(3) found a l a r g e  v a r i a t i o n  i n  a i rg low a l t i t u d e  wi th  
l a t i t u d e  i n  t h e i r  photographic observa t ions  from t h e  Xercury 
X2-9 f l i g l t ,  and our own observa t ions  sugges t  t h a t  
2kotographic determinat ion of a i rglow emission a l t i t u d e s  
s h o ~ l c !  be a r e l a t i v e l y  s imple tech ique  f o r  f i n d i n g  a l t i t u d e  
v a r i a t i o n s  ac ross  t h e  s c r f a c e  of t h e  e a r t h .  
The 5577*4 green l i n e  i n t e n s i t y  was about 145 R a t  
t h e  z e n i t h  dur ing  t h e  f l i g h t  (13) which was about average 
' f o r  t h e  t i m e  of year  and phase 03 t h e  s o l a r  cycle. 
of t h e  broad s p e c t r a l  s e n s i t i v i t y  of t h e  f i l m  and l e n s  
combination which def ined  t h e  s e n s i t i v e  r eg ion  between 
3700 and 6500A, t h e  b lue  2nd green continuum can be assumed 
t o  xake up 85% of t h e  t o t a l  emission (14). 
Seen made t o  measure abso lu te  emission r a t e s .  
The a l t i t u d e  of peak emission i n  Fig. 6 is i n  good 
G i l l e t t  , Huch, Key, and Cooper 
Because 
KO at tempt  has 
Towards t h e  l e f t  a i d  r i g h t  edges of Fig. 1 can be 
seen  a f a i n t  dark band s e p a r a t i n g  t h e  a i rg low i n t o  an 
upper and lower s t r i p  approximately 17  minutes a p a r t .  
This  f a i n t  band shows up a s  the  dimpled peak i n  Fig. 4 and 
t h e  s l i g h t  double peak i n  Fig. 5. Although it might 
appear t o  be a photographic e f f e c t  caused by rocket  
motion o r  f i l m  behavior ,  t h e  f a c t  t h a t  it appears  i n  
s e v e r a l  of t h e  3 sec exposures,  each wi th  d i f f e r e n t  
smezring p a t t e r n s ,  i n d i c a t e s  t h a t  it is probably r e a l .  
Perhaps t h i s  banding is caused by a double l aye red  continuum 
e x i s s i o n  reg ion  a s  suggested by 3acker  (ll), or more 
l i & l y  i t  is t h e  e f f e c t  of adding a sma l l  (10%) Na 58938 
" ~ ~ *  ~~ 65 & ol?to a L - m - 2 - v  ---- < - - - - - -  - - - C - . - . - . - -  
peak (11). Carpenter ,  i n  h i s  f l i g h t  (21 ,  observed no 
s t r u c t u r e  dur ing  t h e  t i m e  he looked a t  t h e  nightglow. 
- u A v a u c A  , UUL G A A A L . G L A ~ G ,  G ~ A A ~ A . I I U L L I I I  --..-I- 
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Link (15) has  suggested t h e  ex i s t ence  of a tenuous 
d u s t  l a y e r  i n  t h e  region 81-119 km co inc id ing  wi th  t h e  
a i rg low emission region. This  dus t  l a y e r  would prodoce 
e x t i n c t i o n  of t r ansmi t t ed  l i g h t  and, on n i g h t s  whea the 
moon mas up, an enhanced apparent continuum emission 
rate f r o m  s c a t t e r e d  mooclight. Figs. 1, 3, and 4 mere 
taken wi th  no moon present  so t h a t  any s c a t t e r e d  component 
would be-absent. 
this f l i g h t  a r e  not  s u i t a b i e  f o r  p rec i s ion  photometry, 
2s exaxina t ion  of t he  20 useable nega t ives  show no obvious 
e x t i n c t i o n  02 s t a r s  pas s ing  behind t h e  nightglow l aye r .  
T h i s  r e s u l t  is i n  suppor t  of t h e  same observa t ions  in (3 ) -  
i there is a great d e a l  of geophysical da t a  which can cow 
be ga thered  by photographs from e i t h e r  recoverable  unmanned 
s a t e l l i t e s  o r  manned space platforms. 
Although the  photographs taken du r ing  
These photographs, and the  r e s u i t s  i n  (31, show t h a t  
Image i n t e n s i f i e r s  
o r  image conver tors  wi th  gains  of lo3  - 10 4 a r e  a v a i l a b l e  
azd czn be used e f f e c t i v e l y  both t o  extend t h e  s p e c t r a l  
s e n s i t i v i t y  of t h e  eye and f i l m  and t o  reduce exposure 
t i m e s  d r a s t i c a l l y  t-heresy pe rmi t t i ng  s i g n i f i c a n t  i x r e a s e s  
i r ,  both s p a t i a l  and s p e c t r a l  r e so lu t ion .  The observa t ion  
of daytime, t w i l i g h t ,  and n ight  sky  phenomena by h igh  
a l t i z u d e  imaging devices  n i l 1  produce a weal th  of 
information about ou r  atmosphere which has  thus  f a r  been 
ga thered  only i n  a pa ins tak ing  manner from t h e  ground. 
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By c a l c u l a t i n g  t h e  s l a n t  path l eng ths  through each of t h e  9. 
l a y e r s  f o r  va r ious  z e n i t h  angles  a s e t  of equat ions  is 
developed, t h e  s o l u t i o n  of which is t h e  v e r t i c a l  d i s t r i b u t i o n  
a 
of a i rg low i n t e n s i t y .  
= C L  I Bz n n z n  
where B_ is t h e  measured, i n t e g r a t e d  r e l a t i v e  i n t e n s i t y  
a 
a long  a s l a n t  pa th  through t h e  airglow,  tangent  a t  some 
a l t i t u d e  2; L, is t h e  se t  of c a l c u l a t e d  pa th  l e n g t h s  through 
each l a y e r  n f o r  each  s l a n t  pa th ;  and In is t h e  r e l a t i v e  
emission i n t e n s i t y  pe r  k m  f o r  each 2 km t h i c k  l a y e r  n. 
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Fig. 1 The night  airglow above western Texas photographed 
from 184 km in a 3 sec exposure with an f/1.4 camera 
using Tri-X f i b .  The earth's horfzon is 1503 hi away. 
The exposure was made a t  2319 MST, 30 Nov. 1964, a t  Lat. 
32 . F0N, Long. 106.5°W. 
Fig. 2 A map of t h e  region pictured i n  Fig. 1 iden t i fy ing  the  
b r igh te r  s t a r s  and cities. 
Fig. 3 A 10 sec exposure taken a t  183 km. The Gulf of Mexico 
occupies the  dark region a t  t h e  upper r i g h t  horizon. 
Fig. 4 A 3 sec exposure taken a t  93 km. The rocket is moving 
down a t  1.3 Wsec b u t  its a t t i t u d e  remained s t a t i o n a r y  
with respec t  to t he  s t a r  background. 
Fig. 5 The airglow horizon r e l a t i v e  i n t e n s i t y  p r o f i l e  taken 
from a densitometer t r ace  of Fig. 1. The z e n i t h  angle 
is determined f r o m  the  zeni th  dis tance of the  s t a r  
)c Hydra. A t  €he r igh t  i s  the  tangent a l t i t u d e  (c loses t  
approach) of a l i n e  of s i g h t  for  seve ra l  z e n i t h  angles. 
0 
Fig. 6 The airglow v e r t i c a l  d i s t r i b u t i o n  of r e l a t i v e  emission 
r a t e  per  )on derived f r o m t h e  data  i n  Fig. 5.  
c 
